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DETAILED ACTION 
Withdrawn Rejections 

1 . Applicant's arguments, see page 5 of the remarks, filed 1 1/1/2007 with respect to the 
rejection(s) of claim(s) 44 under 35 U.S. C 103 have been fiiUy considered and are persuasive. 
Therefore, the rejection has been withdrawn. However, upon further consideration, a new 
ground(s) of rejection is made in view of Sakata et al (US 5,705,423). 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

3. Claim 44 is rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with the 
written description requirement. The claim(s) contains subject matter which was not described 
in the specification in such a way as to reasonably convey to one skilled in the relevant art that 
the inventor(s), at the time the application was filed, had possession of the claimed invention. 
Claim 44 recites, "mirror polishing the obtained silicon wafer substrate and then immediately 
after the step of mirror polishing, subjecting the obtained silicon wafer substrate to epitaxial 
growth processing" in the last three lines. There is no support for "immediately." Page 7 of the 
specification merely teaches epitaxial growth was performed thereon after processing by mirror 
polishing. 
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4. Claim 44 is rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with the 
enablement requirement. The claim(s) contains subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, or with which 
it is most nearly connected, to make and/or use the invention. Claim 44 recites, "mirror polishing 
the obtained silicon wafer substrate and then immediately after the step of mirror polishing, 
subjecting the obtained silicon wafer substrate to epitaxial growth processing" in the last three 
lines. The specification does not enable one of ordinary skill in the art to make the invention 
because "inmiediately" would suggest that epitaxial deposition occurs after the polishing process 
without washing or drying the substrate to remove the polishing compound and material from the 
surface prior to epitaxial growth. Therefore, the ability to produce an epitaxial layer on a 
substrate which is not cleaned is not enabled because the debris and polishing compound would 
provide a surface which is not capable of epitaxial growth. 

5. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

6. Claim 44 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. Claim 44 recites, "mirror polishing the obtained silicon wafer substrate and then 
immediately after the step of mirror polishing, subjecting the obtained silicon wafer substrate to 
epitaxial growth processing" in the last three lines. It is unclear what "immediately" is intended 
to limit. There is no guidance in the original disclosure for "immediately." It is unclear if 
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"immediately" is intended to exclude the step of transferring the wafer from the polishing 
chamber to an epitaxial deposition chamber, or if "immediately" is intended to excluding 
washing and drying the wafer after polishing. For the purpose of expediting examination, the 
limitation is interpreted to mean that other steps can occur, and that washing and drying are part 
of the mirror polishing step. 

7. Claim 44 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which apphcant regards as 
the invention. Claim 44 recites, "oxygen concentration and nitrogen concentration are plotted 
along the horizontal and vertical axis" in lines 7-8. It is unclear whether oxygen is plotted on the 
horizontal or vertical axis, and it is unclear whether nitrogen is plotted on the horizontal or 
vertical axis. The Examiner suggests using "the oxygen concentration plotted on _ axis and 
nitrogen plotted on the _ axis", such that it is clear which concentration is plotted on what axis. 

8. Claim 44 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. Claim 44 recites, " setting a lower limit of the amount of added nitrogen, which is 
a function of an initial oxygen concentration of a silicon wafer substrate for ensuring a sufficient 
density of oxygen precipitates as gettering sites" in lines 8-10. First, is unclear what is a 
"sufficient density of oxygen precipitates as gettering sites". In other words, if 1x10^ or 1x10^" 
sites/cm^ would be sufficient a sufficient density. Second, it is unclear how to set the lower limit. 
The claim merely recites, "nifrogen, which is a function of an initial oxygen concenfration" but 
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there is clear definition of the lower limit of nitrogen and oxygen concentration. In other words, 
the upper limit is defined as a particular nitrogen and oxygen concentration, however the lower 
limit is merely defined used indefinite language, such that it is unclear whether a particular 
nitrogen and oxygen concentration would be above the lower limit. 



Claim Rejections - 35 USC § 103 
9. The following is a quotation of 35 U.S. C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 



10. Claim 44 is rejected under 35 U.S.C. 103(a) as being unpatentable over Graef et al (US 
5,935,320) in view of Ziem et al (US 4,591,409), Tamatsuka et al (US 6,162,708), and Sakata et 
al (US 5,705,423). 
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Graef et al teaches a method of making a silicon wafer comprising pulling a silicon ingot 
which is doped with nitrogen having a concentration of at least 1x1 0^"* atoms/cm^ and oxygen 
having a concentration of at least 4x10^^ atoms/cm^ (col 3, In 10-50). Graef et al also teaches a 
particular embodiment where a wafer is produced from a Czocharlski process wherein the single 
crystal has a nitrogen concentration of 3x10^'' atoms/cm^ and an oxygen concentration of 9x10^' 
atoms/cm^ (col 5, In 45-60), this meets applicant's claimed range because it falls below 
applicant's claimed upper limit. Graef et al also teaches slicing the single crystal to form wafers 
(col 4, In 1-15). 

Graef et al teaches pulling a single crystal with a a nitrogen concentration of 3x10^'' 
atoms/cm^ and an oxygen concentration of 9x1 0'^ atoms/cm^, however Graef et al does not 
teach confroUing an oxygen concenfration in accordance with a change in a nifrogen 
concentration based on a characteristic that nifrogen concenfration increases from a shoulder to a 
tail portion of a silicon ingot and the nitrogen concenfration at the tail portion is less than 3x10^^ 
a nifrogen concentration of 3x10^'' atoms/cm^ and an oxygen concenfration of 9x10^^ atoms/cm^. 

In a method of confroUing nitrogen and oxygen in siUcon during crystal growth, note 
entire reference, Ziem et al teaches producing a single crystal silicon from a silicon melt wherein 
dopants such as oxygen and nitrogen are uniformly distributed in the crystal along the crystal 
axis (col 1, In 60-68). Ziem et al also teaches the concentration of the dopant in the crystal during 
the single crystal growth process is a direct fiinction of the dopant concentration in the melt and 
the segregation coefficient of that impurity (col 1, In 10-60). Ziem et al also teaches the segration 
coefficient of oxygen causes the oxygen concenfration to be high at the top of the crystal and low 
at the bottom, and the reverse being true for nifrogen, which clearly suggests that the nifrogen 
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concentration naturally increases from the shoulder (top of the crystal) to a tail portion (at the 
bottom of the crystal). Ziem et al teaches confroUing oxygen and nitrogen by controlling a 
nifrous oxide partial pressure above the melt (col 5, In 1-15). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Graef et al by using Ziem et al's method of controlling nitrogen and oxygen 
concentration in a silicon crystal to be uniform along the axis of the crystal during growth to 
form a crystal with uniform characteristics from the shoulder to the tail portion of the crystal 
('409 col 1, In 60-68), such that the entire crystal has the desired nifrogen concenfration of 
SxlO'"* atoms/cm"* and oxygen concentration of 9x1 0'^ atoms/cm^ ('320 col 5, In 45-60). 

The combination of Graef et al and Ziem et al does not teach subjecting the obtained 
silicon wafer to an epitaxial growth processing. 

In a method of producing an epitaxial silicon single crystal wafer, note entire reference, 
Tamatsuka et al teaches forming an epitaxial layer in the surface layer portion of silicon single 
crystal wafer siUcon from a silicon ingot formed from a Czochralski method (Abstract). 
Tamatsuka et al also teaches epitaxial silicon wafers have been used as wafers for producing 
discrete semiconductor and bipolar IC (col 1, In 10-30). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify the combination of Graef et al and Ziem et al by subjecting the silicon wafer 
to epitaxial process to produce an epitaxial wafer which is usefiil for producing semiconductor 
devices, as taught by Tamatsuka et al. 

The combination of Graef et al, Ziem et al and Tamatsuka et al does not teach epitaxial 
growth immediately after mirror polishing. 
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In a method of making an epitaxial wafer, note entire reference, Sakata et al teaches 
mirror polishing a silicon wafer cut from a silicon single crystal rod and performing epitaxial 
deposition on the mirror polished wafer (col 4, In 1-67), this clearly suggests epitaxial deposition 
immediately after polishing. Sakata et al also teaches the surface condition of a wafer directly 
influences the properties of an epitaxial layer formed thereon, (col 4, In 15-30). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify the combination of Graef et al, Ziem et al and Tamatsuka et al by forming an 
epitaxial layer on a mirror polished substrate, as taught by Sakata et al, to produce a usefiil 
epitaxial wafer on a substrate with suitable surface roughness. 

Response to Arguments 

1 1 . Applicant's arguments with respect to claim 44 have been considered but are moot in 
view of the new ground(s) of rejection. 

Conclusion 

12. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
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CFR 1 . 1 36(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 



13. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to MATTHEW J. SONG whose telephone number is (571)272- 
1468. The examiner can normally be reached on M-F 9:00-5:00. 

If attempts to reach the examiner by telephone are unsuccessfiil, the examiner's 
supervisor, Michael Barr can be reached on 571-272-1414. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Matthew J Song 
Examiner 
Art Unit 1792 

MJS 

February 12, 2008 
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/Robert M Kunemund/ 
Primary Examiner, Art Unit 1792 



